INTRODUCTION
reports on poultry S. aureus were concentrated on genotypes of MRSA. It was shown that the majority of MRSA belonged to 2 clonal complexes (CC), CC398 and CC5 (Lowder et al., 2009; Mulders et al., 2010; Geenen et al., 2013; Vandendriessche et al., 2014) . Knowledge on population structure of methicillin-susceptible S. aureus (MSSA) from poultry is scarce. Evidence for multiple, independent acquisition of methicillin resistance by MSSA associated with animal breeding enforces the research on revealing the structure of this population (Fitzgerald, 2012) . Research on genetic diversity of poultry MSSA may allow for identification of new clones potentially contributing to emergence of community-acquired staphylococcal infections (Fitzgerald, 2012) .
Genotyping of staphylococcal protein A gene (spa), first introduced by Harmsen et al. (2003) , was shown to be strongly associated with the results of multilocus sequence typing, allowing for reliable genotypic characterization of S. aureus populations (Strommenger et al., 2006) .
The aim of this work was to determine the population structure of S. aureus isolates derived from chicken and chicken meat, based on spa typing, with emphasis on detection of oxacillin-resistant isolates (i.e., BORSA and MRSA).
MATERIALS AND METHODS

Isolation and Identification of S. aureus
Three hundred fifty-eight cloacae swabs were taken in 2013 from chickens in a slaughterhouse located in southwest Poland. The swabs were taken 4 times, approximately 100 swabs per sampling, except one sampling, when 50 swabs were taken and analyzed. The samples were collected from cloacae of hanged chickens before electric stunning. Slaughtered birds originated from 4 local poultry farms, and all samples taken during one sampling session originated from a single farm. Average slaughter capacity was 40,000 chickens per day.
One hundred eighty-three chicken meat samples (legs and wings) from the aforementioned slaughterhouse were also examined. The samples (approximately 50) were taken 4 times. Meat was sampled after carcass chilling at the same day when cloacae swabs were taken. The meat samples were packaged in sterile plastic bags and transported up to 2 h to the laboratory.
Whole cloacae cotton swabs, and samples from upper arm and thigh muscles cut out in small portions (1 g in total) were cultured in a final volume of 10 mL of Giolitti-Cantoni enrichment broth, and subcultured on Baird-Parker agar. The isolates were identified as S. aureus based on their ability to coagulate rabbit plasma and clumping factor production using commercial tests (Biomed, Cracow, Poland) . The assays were performed according to manufacturer instructions. All 263 isolates were screened by PCR using S. aureus-specific primers for nuc gene, encoding thermonuclease (Martin et al., 2003;  
Preparation of Bacterial DNA
Two milliliters of bacterial cell suspension from an overnight culture grown in brain-heart infusion broth were centrifuged for 5 min at 12,000 × g at room temperature and suspended in 100 μL of 100 mM Tris-HCl buffer, pH 7.4, containing 10 μg of lysostaphin (A&A Biotechnology, Gdańsk, Poland). After 30 min of incubation at 37°C, 10 μL of 10% SDS was added and the sample was incubated for another 30 min at 37°C. Two hundred microliters of 5 M guanidine hydrochloride was added, and the sample was mixed by vortexing and incubated at room temperature for 10 min. The DNA was extracted by phenol and chloroform, precipitated with ethanol, and suspended in water (Bania et al., 2006) .
Detection of mecA and Determination of SCCmec Cassette Type
All S. aureus isolates were tested for the presence of mecA gene using the primers described by Milheirico et al. (2007;  Table 1 ). Each PCR run contained mecApositive (S. aureus ATCC 43300) and negative (S. aureus ATCC 29213) strains as controls. The SCCmec cassette type was determined according to Milheirico et al. (2007;  Table 1 ). The PCR products were electrophoretically resolved in 1.5% agarose containing 0.5 μg/ mL of ethidium bromide and photographed with the GelDocXR System (Bio-Rad, Hercules, CA).
Antibiotic Resistance and Oxacillin MIC Determination in mecA-Positive S. aureus
Susceptibility of mecA-positive S. aureus isolates to penicillin G (10 units/disc), cefoxitin (30 μg/disc), tetracycline (30 μg/disc), clindamycin (2 μg/disc), gentamicin (10 μg/disc), erythromycin (15 μg/disc), ciprofloxacin (5 μg/disc), norfloxacin (10 μg/disc), and vancomycin (30 μg/disc; all substances from Oxoid Ltd., Basingstoke, United Kingdom) was tested by the disc diffusion method and interpreted according to CLSI document M100-S22 (CLSI, 2012). The MIC for oxacillin was determined with the E-test and interpreted according to the manufacturer's instructions (bio-Mérieux Inc., Marcy l'Etoile, France). Reference S. aureus strains ATCC 25923 (used for the disc diffusion method), ATCC 43300, and ATCC 29213 (used for MIC testing) served as controls.
Detection of Borderline Oxacillin Resistant S. aureus (BORSA)
All mecA-negative S. aureus isolates were plated on oxacillin resistance screening agar (ORSA, Oxoid Ltd.) plates containing 2, 3, and 4 μg/mL of oxacillin, respectively. The results were recorded after 24 and 48 h of incubation at 35°C and interpreted according to the manufacturer's instructions. For isolates able to grow in medium containing 3 and 4 μg/mL of oxacillin, MIC for oxacillin was determined using the E-test (bio-Méri-eux Inc.). Reference MRSA (ATCC 43300) and MSSA (ATCC 29213) strains served as controls. All phenotypically oxacillin-resistant isolates were analyzed for susceptibility to amoxicillin with clavulanic acid (20/10 μg/disc) by the disk-diffusion method and interpreted according to CLSI document M100-S22 (CLSI, 2012 
Detection of mecC
Because low oxacillin resistance of some S. aureus strains can also be explained by possession of the mecC gene, all mecA-negative S. aureus isolates able to grow on ORSA plates containing 2 μg/mL of oxacillin were tested for mecC using the primers described by Cuny et al. (2011;  Table 1 ).
The DNA from mecC-positive S. aureus strain 1140/12, from the National Medicines Institute, Warsaw, Poland, served as a control.
Determination of spa Type and ST
The spa types of all S. aureus isolates were determined according to Harmsen et al. (2003;  Table 1 ). The nucleotide sequencing of the repeat-containing region of the spa gene was performed from both DNA strands of the PCR product by Genomed (Warsaw, Poland), using a BigDye Terminator Ready Reaction Cycle Sequencing kit. The analysis of repeats and the assignment of spa types were performed with the resources of the Ridom SpaServer (http://spa.ridom.de). Grouping of spa types was done using BURP, Ridom Staphtype Software. The spa-types were clustered if cost between members of the group was less than or equal to 4. The spa types shorter than 5 repeats (1 isolate) were excluded from analysis (Mellmann et al., 2007) .
Sequence types (ST) of selected S. aureus isolates (4 isolates from cloacae swabs, representing spa types t002, t548, t3478, and t13620, as well as 7 isolates from meat, representing t002, t012, t548, t899, t3478, t7287, and t13620) were determined according to Enright et al. (2000;  Table 1 ). The sequences obtained from both strands of the PCR product were analyzed using BioEdit software (http://www.mbio.ncsu.edu/bioedit/), and further assignment of the ST was performed using the mlst.net platform.
Detection of Staphylococcal Protein A
Staphylococcal protein A (SpA) was detected in culture supernatants from 9 BORSA isolates assigned to CC5 [i.e., t548 (4 isolates), t002 (3 isolates), and t3478 (2 isolates)]. For this 2 mL of bacterial overnight culture in brain-heart infusion broth was centrifuged for 5 min at 12,000 × g at room temperature. Twenty-microliter portions of culture medium were resolved on SDS-PAGE. Western immunoblots were probed with polyclonal antibody against SpA (Sigma-Aldrich, Poznań, Poland). Anti-rabbit-HRP (Sigma-Aldrich) was used as a secondary antibody. The blots were developed using the ECL Lumi-LightPLUS substrate (Roche, Warsaw, Poland), according to the manufacturer's instructions. Two human S. aureus strains belonging to CC5 [i.e., 2,249/05 (t041) and 1,034/05 (t002) from National Medicines Institute, Warsaw, Poland] served as positive controls.
RESULTS
Frequency of S. aureus Isolates
In total, 263 S. aureus isolates were obtained, including isolates from cloacae swabs and meat samples. The prevalence of S. aureus was different in chickens and meat samples. The bacterium was found in 138 (38%) from a total of 358 cloacae swabs and in 125 (68%) from 183 meat samples. The incidence of S. aureus ranged from 4 to 93% in animals and from 52 to 93% in meat samples ( Table 2) .
Genotypes of S. aureus Isolates
Fifteen different spa types were determined in the studied S. aureus population. Staphylococcus aureus isolates obtained from animals were classified into 5 spa types. Most of isolates were assigned to t002 (67%), t13620 (18%), and t3478 (9%; Table 2 ).
Staphylococcus aureus isolates from chicken meat were assigned to 14 spa types. Among them isolates belonging to t002 (26%), t3478 (18%), t056 (17%), t13620 (14%), and t091 (7%) were dominant (Table 2) .
Except 4 animal isolates belonging to spa t011, all other genotypes found within isolates from chicken i.e., t002, t548, t3478, and t13620, were also present in food (Tables 2 and 3 ). The spa types t002, t3478, and t13620 were frequently isolated both from animals and meat. In contrast, genotype t548 occurred sporadically in chickens (2.9%) and meat (5.6%). Among 14 spa types found in meat, 10 were not detected in animals (Tables  2 and 3) .
Genotypes of 134 isolates from chicken were clustered into spa-CC002 complex, belonging to ST-CC5 (Table 3 ). The remaining 4 animal isolates represented (68) t002 (33; 26%), t3478 (22; 18%), t056 (21; 17%), t13620 (17; 14%), t091 (9; 7%), t548 (7; 6%), t084 (6; 5%), t012 (2; 2%), t888 (2; 2%), t267 (2; 2%), t4386 (1; 1%), t899 (1; 1%), t7287 (1; 1%), t1187 (1; 1%) t011 genotype within ST-CC398. Similarly, most of the meat-derived S. aureus isolates (63%) were clustered into spa-CC002. The other isolates representing 10 different spa types did not group into complexes (Table  3) . Among them t056 (ST101), t084 (ST15), and t091 (ST7) genotypes were the most numerous (Table 3) .
Characterization of MRSA Isolates
Four (2.9%) S. aureus isolates from animals and one (0.8%) isolate from meat were classified as MRSA. All of them were assigned to ST398. All chicken-derived MRSA were isolated during one sampling session, whereas MRSA from meat was isolated during another sampling session. During this sampling, MRSA were not found in animals. All MRSA were mecA-positive, mecC-negative, and resistant to cefoxitin in the disc diffusion method. The isolates were resistant to oxacillin with MIC ranging from 16 to 64 μg/mL. All of the MRSA isolates were resistant at least to 6 out of 9 antibiotics tested (Table 4) .
Characterization of BORSA Isolates
Three (2.2%) S. aureus isolates from chicken and 19 (15.2%) from meat exhibited borderline resistance to oxacillin ( Table 5 ). All of them were mecA and mecC negative, susceptible to cefoxitin and amoxicillin with clavulanic acid and able to grow on ORSA plates containing 2 μg/mL of oxacillin. Two isolates grew on 3 μg/mL of ORSA medium. None of the BORSA isolates were able to be grown on 4 μg/mL of ORSA plates. Oxacillin MIC was 3 μg/mL for isolates able to grow on 3 μg/mL of oxacillin. Thirteen BORSA isolates were positive in the Cefinase test and harbored the blaZ gene. The spa t091 and t084 were found to dominate among BORSA isolates (Table 5) . Staphylococcus aureus belonging to poultry CC5 lineage, recently diverging from CC5 human lineage, was shown to contain mutations resulting in loss of function of some proteins, including SpA. To determinate whether our isolates belong to poultry or human ST5 lineage, all 9 BORSA isolates assigned to ST5 were probed for protein A (SpA) production. Immunoblotting with anti-SpA antibody revealed that in poultry ST5 culture supernatants, no SpA could be detected, in contrast to 2 human S. aureus CC5 strains in which a strong 50-kDa band was present (Figure 1 ).
DISCUSSION
Diversity of animal breeding models is thought to have an effect on the structure of the S. aureus population (Fitzgerald, 2012) . The majority of poultry production is concentrated in a limited number of holdings. Accordingly, the observed diversity of S. aureus population was shown to be limited in poultry (Fitzgerald, 2012) .
Our data indicate 38% mean incidence of S. aureus in chicken and 68% in chicken meat. However, it should be stressed that depending on sampling it varied from 4 to 93% in chickens and from 66 to 93% in meat indicating significant variation in S. aureus occurrence among farms.
To date, most research on incidence of S. aureus in poultry has focused on MRSA (Nemati et al., 2008; Mulders et al., 2010; Wendlandt et al., 2013) . We detected MRSA in 4 animals and in 1 meat sample only. As in our previous works, low frequency of MRSA isolates in food of animal origin was confirmed (Bystroń et al., 2010a,b) . The presence of MRSA in chicken is for the first time reported in Poland.
Studies on poultry MRSA carried out around the world have shown that majority of their isolates belong to 2 clonal complexes, CC398 and CC5 (Lowder et al., 2009; Mulders et al., 2010; Geenen et al., 2013) . The MRSA detected by us in animals and in chicken meat assigned to spa t011 and t899, respectively, are known to belong to livestock-associated CC398 (Feßler et al., 2011; Argudin et al., 2013) . The CC398 isolates, represented mainly by spa t011 and t034, were the most common MRSA isolated from the chicken and turkey products in Germany (Feßler et al., 2011 ). Our results demonstrate that MRSA CC398 isolates could be found in chicken meat, indicating risk of introduction of animal-associated genotypes into the food chain. A survey on MRSA from broilers in Belgium showed that they belonged primarily to the spa types t011 and t1456 within CC398 (Nemati et al., 2008; Persoons et al., 2009 ). The ST398 was found to predominate among MRSA isolated from broilers in the Netherlands, although 28% of isolates belonged to ST9 (Mulders et al., 2010) . Investigation of broiler throat samples and dust samples in Dutch farms revealed MRSA isolates belonging to CC398, with the t011 and t034 being the predominant genotypes (Geenen et al., 2013; Wendlandt et al., 2013) . In Germany, most of the MRSA isolated from diseased turkeys and chickens were classified to CC398. These genotypes dominated also within MSSA from turkey, whereas CC5 was commonly found in chicken . Similarly, MRSA and MSSA derived from diseased turkeys in France were represented mainly by CC398 (Argudin et al., 2013) , and CC5 was the most common complex among MSSA from poultry infections in Denmark (Hasman et al., 2010) . The CC5 is one of the most successful humanassociated lineages distributed worldwide (Fitzgerald, 2012) . Studies on genotypic structure of poultry-associated MSSA are scarce (Vandendriessche et al., 2014) . In our earlier study, we showed that majority of MSSA isolates from diseased turkeys belonged to CC398, and from diseased chickens to CC5 (Bystroń et al., 2010b) . In the present work, most of the MSSA isolates (81%), from the chickens and chicken meat were assigned to CC5 complex, with the t002 being the predominant genotype. All chicken-derived isolates representing CC5 were also detected in meat. The CC5 MSSA dominated among healthy poultry in Belgium (Vandendriessche et al., 2014) , and in chicken-derived MSSA in China (Ho et al., 2012) . Also, previous observations by Lowder et al. (2009) indicate that the majority of S. aureus isolates from diseased and healthy poultry from Belgium, Denmark, Japan, the United Kingdom, and the United States belonged to a single clonal complex CC5 or its single locus variants ST1342, ST1346, and ST1350.
The t091 and t084 MSSA representing genotypes belonging to CC7, and CC15, respectively, consequently occurred in meat samples studied here. To date these genotypes have been isolated only from humans (Rolo et al., 2012) , but recently were found also in broilers (Vandendriessche et al., 2014) . Isolates belonging to CC8, CC12, CC30, CC97, and CC121 were exclusively detected in meat. Whereas CC30 was already noted 3 Disc diffusion method, P = penicillin G (10 units/disc), CE = cefoxitin (30 μg/disc), T = tetracycline (30 μg/disc), CL = clindamycin (2 μg/ disc), G = gentamicin (10 μg/disc), E = erythromycin (15 μg/disc), CI = ciprofloxacin (5 μg/disc), N = norfloxacin (10 μg/disc), V = vancomycin (30 μg/disc).
in animals (Hasman et al., 2010) , isolation of other clones have been reported mainly in humans (Rolo et al., 2012) . These isolates occurred only in meat, not in chicken investigated here, suggesting additional, most likely human source of meat contamination.
Borderline oxacillin-resistant S. aureus (McDougal and Thornsberry, 1986 ) is mecA-negative but exhibits low-level resistance to penicillinase-resistant penicillins. The BORSA occur among human clinical isolates with about 5% frequency. They have been involved in several community-acquired and hospital infections (Kernodle et al., 1998; Suggs et al., 1999; Balslev et al., 2005) . Borderline oxacillin-resistant S. aureus has already been detected in ruminant milk (Bystroń et al., 2010a; Perillo et al., 2012) . Cows seem to be the only animal species in which incidence of BORSA was reported (Kaszanyitzky et al., 2004) . Genotypic structure of human BORSA population is largely unknown, and there are no data on animal BORSA genotypes. In the current study, 3 and 19 BORSA isolates from chicken and meat were identified, respectively. The isolates had oxacillin resistance typical for BORSA, with MIC value of 3 μg/mL. Thirteen isolates (60%) were susceptible to amoxicillin with clavulanic acid, positive in Cefinase test, and harbored blaZ gene, showing that their BORSA phenotype was due to the β-lactamase hyperproduction. Remaining 9 isolates were blaZ-negative, unable to grow in the presence of clavulanic acid, and to inactivate cephalosporin in Cefinase test, suggesting production of another kind of β-lactamase, likely a methicillinase (Perillo et al., 2012) . All animal BORSA isolates and 32% of meat isolates were assigned to CC5. Remaining meat-derived BORSA isolates were classified to CC7 (32%), CC15 (26%), and CC30 (10%) complexes. It was shown that the poultry CC5 lineage has recently diverged from CC5 human lineage being the result of a single, human-to-poultry host jump. During this event, poultry ST5 acquired novel genetic elements not identified earlier among human S. aureus isolates. It also accumulated mutations, resulting in loss of function of some proteins, which does not promote the pathogen's fitness in poultry (Lowder et al., 2009) . In all the 9 ST5 BORSA isolates from chicken and meat, SpA could not be detected, meaning they likely represent poultry-associated ST5 clade. This, in turn, can illustrate the possibility of transmission of animalassociated, oxacillin-resistant S. aureus isolates to food.
Taking together, we report for the first time the presence of MRSA in chicken in Poland. We demonstrate that MRSA CC398 could be found in chicken meat, indicating potential of introduction of animal-associated genotypes into food chain. We also report for the first time the possibility of transmission of BORSA isolates from chicken to meat. On lines 1 to 9, culture supernatants from BORSA isolates from chicken cloacae and chicken meat were resolved. On lines 10 and 11, culture supernatants from 2 human S. aureus strains belonging to CC5 were resolved. The immunoblots were probed with polyclonal antibody against SpA.
